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ABSTRACT

The motion , veloc i ty , and accelera t ion res ponses a t shi p
center of gravity (CG) in long-crested seas were predicted

for a prelim inary conventional hull design of a new class of

nuclear-powered , guided-missile strike cruiser. Time histories

from the computer predictions are stored on computer permanent

flies for easy access and future use. Recently developed

techniques for determining ship response time historIes at

various locations other than the ship CG and In short-crested

seas were used to calculate sample time histories of important

shi p responses.

A computer program was deve l oped to read the predicted time

his tories and compute probabilities that specified motion response

l i m i ts would be exceeded for var ious  t ime per iods.

A D M I N I S T R A T I V E  INFORMAT I ON

This work was funded by the Nava l Ship Engineering Center under Work

Reques ts WR 66038 and WR 66039 dated 24 May 1976 and WR 75239 dated 10 Novembe r

1 976. The work is iden tified at the David W. Taylor Nava l Ship Research and

Development Center (DTNSRDC) as Work Units 1-1568-863 and 1-1568-866.

INTRO DUCT ION

As part of the process of des~gn i ng a strike cru i ser (CSGN) class , na val
ordnance designers require estimates of the ,not i ori , ve l ocity, and acceleration

of the ship at positions where guns and radar contro l antennas w il l  be located .

A rather complete pred ict~on of si gn i f i c a n t sh ip mo ti ons , ve l oc i ties ,

and accelerat ion was made for two prelimina ry designs of theCSGN in various

sea cond i tions. However , the predictions necessary for ordnance performance

eva l uation requ i re actua l time histories of the ship responses at antenna

and weapon loca t ions f rom wh i ch s ta ti s ti cs abo ut the d ura t ion of ex treme
motion responses can be determined. Pred ict ion techniques and computer 

-
‘

programs do exist to predict ship response time histories at the sh ip center

_ _ _  I J
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of gravity (CG). Programs are also available to predict response time histo-

ries for short—crested seas and to predict response time histories for any

locat ion on the ship from the time histories at the ship CG.

In the presen t investigation , a short supplemental prog ram was written

to analyze any given time history of response and to tabulate statistics about

the amount of time the response exceeds a specified amplitude l imit. These

prog rams have been used to predict ship response time histories for the con-

ventlonal CSGN hul l , and samples of the results are shown. Copies of the

prog rams used are Included with the time histories on the computer disk packs

wh i ch are on file.

DESCRIPT I ON OF HULL FORM

This hull configuration , C 17.2, Is exactly the same as the conventional

hull used In the prev i ous CSGN seaworthiness predict ion .1 Table 1 shows the

principa l dimensions of the hull as cal culated from the ship offsets and used - ,

by the computer. Figure 1 Is a body plan of the ship as used by the computer.

A preliminary set of bilge keels (not shown in the computer body plan) was

~ncluded in the mathematical model of the ship.

The computer-determined dimensions and form coefficients agreed well with

the design va l ues. For example , the cal culated displacement of 16 ,866 long

tons (17,136 tonnes), riot including bilge keels and skeg, was only about 1.8

percent less than the design displacement of 17,172 long tons (17,448 tom es).

Add it ion of the displacement of bilge keels and skegs would make the difference

even less,-

PREDI CTI ON PROCED URE

Ship responses were computed by using the CDC 6700 and the CDC 6600

computer systems available at the Center. All of the ship mot i on predictions

are stored on two 81+4 removable disk packs titled CSGNOI and CSGNO2 .

1Motter , L.E. arid T.R. Applebee , “Seaworthiness Predictions for Two Preliminary
CSGN Designs ,” DTNSRDC Ship Performance Department Report SPD 724-01 (Sep 1976) .

2
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Many computer programs were used to predict the ship ri g id body responses
and statistica l predictions presented in this report. Most of the major

programs, as well as some of the smaller access programs , are documented and

a reference for each Is g iven herein as it is discussed . A program necessary

to analyze the time history data is documented in the appendix. A copy of

this analysis program Is included on the disk pack , and ins tructions are

given In the appendix for accessing the disk pack stored data and program.

PRE SENT OPT I ONS

Figure 2 is a flow chart of the present options for predictin g time histo-

ries and the p-ocedure for generating each type. The regular wave ship motion

response amplitude operators (RAO’s) referred to in the top of the chart were

generated and stored on a disk pack by using the DTNSRDC Ship-Motion and Sea-

Load Computer Program.2 As shown in Figure 2, ship mot i on time histories in

any specified long- or short-crested sea can be predicted at the ship CG or

at any other location on the ship from the RAO ’s. The cosine squared spreading

function , as recommended in Reference 3, is used to predict ship motion in

short-crested seas. Any of these time histories can be generated by using a

program called Time History Access Program which is documented in Reference 4.

Once any time his tory has been generated and stored on the disk pack , a

time history analysis program (limit) is available to access it and tabulate

the number of times a mot ion time history exceeds a preassigned mot ion ampli-

tude limit (referred to as an event), to determine for how long the limit Is

exceeded for each event , and to estimate probabilities that the l imit will be

exceeded . A more detailed explanation of the program operation is given in

2Meyers , W.G. et ai ., “Manual — NSRDC Ship-Mot i on and Sea-Load Computer Program ,” - s
NSRDC Report 3376 (Feb 1975).
3Ba lt Is , A.E. et al., “Design Acceleration and Ship Motions for LNG Cargo

Tan ks,” presented at 10th Nava l Hydrodynam i cs Sympos i um , Mass. Inst. Tech.
(Jun 1971+).

1
~Baitis , A.E. et al., “A Non-Aviation Ship Motion Base for the DO 963, CG 26,
FF 1 052, FFG 7, and the FF 1 040 Ship Classes ,” DTNSRDC Shi p Performance
Department Report SPD-738-OI (Dec 1976).

3
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the appendix Sample resu l ts  of the time history analysis are presented later

In th is  report.

TIME HISTORY PREDICT I ON

The ship motion , ve l oc i ty, and accelera tion RAO ’s presented in Reference 1

arid stored on d isk  pack CSGNO1 are used as input to the time history predict ion

program . Because of storage requirements Involved , only time histories for

those conditions l i s ted in Table 2 were generated and stored on disk packs

CSGN O1 and CSGNO2 .

For each condi tion In Table 2, time histories for pitch , heave , ro l l , and

ver t ica l accelera ti on a t the shi p CG in long—crested seas were generated as

examples of the norma l time history predict i on .

Bretschneider5 I rregular sea spectra o 1.0-ft significant wave height

and moda l wave period s of 9, 11 , 13, and 15 sec were used in the predict ion .
Since ship responses are regarded as being linear wi th  wave height in this
work , t he responses in seas w i th  greater wave heights can be obtained by taking

the results for unit signi ficant wave height and multiplying by the des i red

significant wave height in feet.

the moda l wave period is the period at which the maximum energy or peak

of the wave energy spectrum occurs. The time history prediction s cover a

range of real ist ic modal periods , includ ing some most lIkely to occur at sea

as well as some tha t are less likely to occur but stimulate much more severe

ship motion responses.

Considerably more Information was generated by the computer than is

reasonable or necessary to be shown in this report. Accordingly, only those

condi t ions and ship responses of particular significance will be shown . These

results w i l l  serve as examples of the avai lable methods and possible app lica-
t .ons of the pred iction techniques.

Figure 3 shows an example of a roll and a heave acceleration time history

as generated by the computer. These time histories are for a 30-knot ship

5Bretschneider , C.L., “Wave Generation by Wind , Deep and Shallow Water ,” in
“Estuary and Coa stline Hydrodynamics ,” edited by Arthur T. I ppen , McGraw-HIll ,
Inc ., New York (1966) pp. 133-196.

14
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speed at 75-deg heading in a long—crested sea wI th  16.9-ft (5. 15 m) s ignif icant
wave height and a spectra moda l period of 9 sec. This condition causes one

of the most severe responses for roll.

To i l lustrate use of the origin shif t  option in the Access Program , time

histories were generated in long—crested seas for vert ica l displacement ,

veloc i ty, and accelera t ion a t the center of the r o l l e r  path p lane of the bow
gun . This gun will be l ocated on the ship longitudinal centerl ine 95.0 ft

(28.96 m) aft of the forward perpend i cular and 53.0 ft (16.15 m) above the

ship baseline. Note that since roll and pitch are the same everywhere on the

shi p , roll and pitch time hIstories are the same at the gun as at the CG.

Finally, rol l and vertical accelerations at the CG in short-crested seas were

generated as examples of the short—crested time history program. The headings ,

shi p speeds , and modal per iods  of the sea spectrum used for each res ponse are
the conditions wh i ch give the most or nearly the most severe response in a

sea wi th  a 16.9-ft (5.15 m) significant height.

TIME HISTORY ANALYSIS

- - 

Time histories of ship responses have been predicted and analyzed for

various shi p l ocation and sea condition to illustrate how the time history

prediction and analysis programs can be used .

• All sample calculations were made for a ship speed of 30 knots since

motions were more severe than at trie two l ower speeds considered . Al l sample

calculations considered the ship as operating in a Sea State 5 with a sig n ifi-

cant wave height of 16.9 ft (5.15 m). The modal period of the wave spectra is

given with each example.

Table 3 enumerates the ship responses , head i ngs , and spectral modal

periods for which time histories were deve l oped . In addition to presenting

rms va lues for each response , the table  presen ts four col umns of numbers which

appear in the form 0.7/393. The first number , or numerator of the fraction ,

Is the amplitude l imi t  used in the analysis of the shi p res ponse t i me h i s tory
to determine the number of cycles which exceed the limit. The second number ,

or denominator of the fraction titled the number of events , is the number of

cycles which exceed the specified amplitude limit in 30 m m of ship operation .

5

L..~
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The fou r l i m it s were chosen i n an ef for t to ens u re tha t no less tha n abou t

10 percent nor more than about 80 percent of the cycles In a given time history

would exceed any of the limits. Generally about 10 percent of the total number

of cycles in a 30-mm time history must exceed the limit in order to have a

suff i c ien t number of even ts to genera te consis tent sta ti st ica l p rope rt ies abou t

time durations when limits will be exceeded . At the other extreme , i t i s
assumed tha t the resul t i ng dura t ion t i me sta t is t ics w i l l  be ou t of the ran ge
of useful information when 80 to 90 percent of cycles exceed a given amplitude

l i m i t .

The probability of exceeding a ship response limit for each of the ship

responses in Table 3 is shown in Figures 4a through 41 in the same order as
l isted in the table. The curves in the figures represent the probability dis-

tribution function as determined from analyzing a 30-mm time history severa l

times with a different limit for each analysis. The individual points , f rom
each analysis of the time history, were so consis ten t tha t on l y the f a i r ed
d i s tr i bu t io n func ti on curve i s shown in  the f i gu res .

It is known that the amplitudes of ship mot i on time histories are Rayleigh

di str ibu ted and have a d i s t r i b ut io n func t ion of

L
Prob {r > R

L
} = e 2a2

where R
L 

i s the res ponse l i m i t am p l i tude and a is the roo t mean square (rms ) .

Using this formula and the f requency domain results in  Refere nce 1 , the
p robabilities of exceeding each of the four limits in Table 3 were computed

* 
and shown in Figures 4a through 41 with the time history analysis results. As

seen in the f ig u res , there was good agreement between the probabilities obtained

f r om the time domain analysis and from the frequency domaIn resul ts.  This would
be expected s i nce the t ime h i stor ies  were der i ved f ro m the f re quency domai n
results and is mentioned as evidence that the time history prediction from

frequency domain results does work well. The figures ind i cate , for examp le ,

that if a gun cannot operate effectively when the roll is greater than + 16 deg ,
then , as shown in Figure 4c, i ts operation will  be interrupted by 30 percent

6 
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of the waves encountered while operating at 30 knots in a 75-deg heading, and

16.9 ft (5.15 m) significant wave height.

The percentage of the total run time that the response exceeds any limit

is shown i n Figures 5a and Si in the same order as listed in Table 3. The time

was computed on the conservative side from the time history analysis by assuming

that each event of the 0.5-sec , time—duration interva l occurred for the upper

t ime limit or the interval. These fi g u res i ndica te , for exam p l e, that the
rol l angle will be greater than + 16 deg for about 12.5 percent of the total

run time even though about 30 percent of the roll cycles will exceed + 16 deg

while the ship is operating at 30 knots and a 75-deg heading with respect to

the waves in a State 6 sea.

Fi gures 6a through 6i show the conditional probability density functions

of the time durations given that the specified limit has been exceeded . These

func ti ons have been nor ma l i z e d  so tha t the area in  each ba r of the g ra ph
represents the probability that , the l i m i t h a v i n g been exceeded , its duration

is wi thin the duration period of the time interval of the bar. Also , the

total area of all the bars in each graph is 1.0 , i. e., given that the response

l i mit was exceeded , there is a 100-percent chance that it was exceeded for
some length of time . As seen in the figures for all shi p res ponses , as the
response l im it is increased , the most frequently occurring time duration is

shor ter .

As an exar ipie of the meaning of these curves, i n Figure 6c the probabi l ity

that the roll cycles wi l l  exceed + 17 deg for a duration time between 1.5 and

2.0 sec is 48 percent per second times 0.5 sec, or 24 percen t of the cycles.

Figures 7a through 71 show joint probability density functions of the

time durations for four different amplitude limits. Again the density functions

have been nor ma l i z e d  so tha t the area i n each bar of a g ra ph re pr esent s the - 

-

joint probability that (1) the limit is exceeded and (2) the period of the

exceedance is within the duration time of the time interva l of the bar. The

total area in all the bars for any one response li mit is the probability that

tne res ponse l i mit is  exceeded , as shown In Fi gure 1+. For example , consid-

erIn g Figure 7c , the probability that a roll cycle will  exceed + 17 deg for

a dura tion time of 1.5 to 2.0 sec is 12 .5 percent per second time s 0.~ sec or

6.3 percent.

7
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To smooth out the bar graphs and to enable a comparison of the joint

probability densities shown in Figures 7a through 71 , each bar graph in Figure

7 was hand fa i red to a smooth curve. An attempt was made to maintain the same

area under the curve as in the correspondong bar graph. The resulting fa i red

curves are presented in Figures 8a through 8i to show the relationship between

the density funct i ons for different response limits. As seen In these figures ,

the curves for different response limits vary in a regular fashion making it

possible to estimate the time duration probabilit ies for response limits other

than those used in the calculations.

RECOMMENDAT I ONS

The cost , time and computer storage required to predict and analyze time

h i s tories is considerable. I f  the mathema t i cal form of the probability dens i ty

function for the duration time could be developed , f t may be poss ib le  to make
predictions of the duration time interva l directly from the rms results. Work

has been done by Rice ,6 Price and Bishop7 and by Tikhonov 8 wi th some success
on si mplified cases using numerica l approx i mations. With the examp l es pre—

sented in this report as a guide , a reasonable method of predicting the

duration time interva l from the rms results may be possible , and should be

attempted .

6Rice , S.O., “Mathematical Analysis of Random Noises ,” N. Wax , Ed. of Selected
Papers on Noise and S tochas t ic P rocesses , Dover Publicat ion s, Inc . (1954).

7Pr I ce , W.G. and R.E.D. Bisho p, “ProbabilistIc Theory of Ship Dynamics ,”
Chapman and Hall (19711).

8
l ikhonov , V.1. , “The Dis tribution of the Duration of Excursions of Norma l
Fluctuations. Non-Linear Transformations of Stochastic Processes ,” Ed.,
Kusnetsov , Stratonovick and Tlkhonov .

8
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A P P E N D I X
PROGRAM L I M I T

The LIMIT program is used to analyze time histories that have been

generated using the Time History Access Program (THACP), and to obtain various

probabilities wi th relation to an i mposed limi t. The limit , which  is an in put
variable is a boundary applied to the posi tive and negative sides of a time

history . If a cycle exceeds the li mit , the duration of time above the limit

is noted . The pred i cted time histories are in a digital form with amplitude

samples every 0.5 sec for the 30-mm run . Therefore, time durations can be

determined only to within + 0.25 sec. For this reason the analysis of the

time his tories is set up in tabular form as shown in Table A.l. The number

of occurrences of exceedance, referred to as “events ,” are ordered accordin g

to t i me dura t ion periods (see example of ou tp u t , as shown in the first two

columns of Table A .~ ). From this information , the following statistica l

percentages are calculated and shown in the last three columns of Table A.1:

THE CONDITIONAL PROBABILITY OF DURAT I ON TIME , defined as the Drobability

that a particular duration time will occur i f  the l i m i t is exceeded
(the number of events/total number of events).

THE TOTAL TI ME EX CEEDED , defined as that part of the entire run time

that the limit is exceeded for a particular duration time (the

number of events x time duration/total run time).

THE JO INT PROB A B I L I T Y , defined as the probability that for any

cycle , the limit will be exceeded for a specific t ime duration

(the number of events/total number of cycles).

• INPUT

Data Card Set 1, one card , FORMAT (15)

This card set conta ins one integer variable.

NRSP , Col umns 1-5, is used to de te rmine  the number of res ponses to be
analyzed (i.e., the number of cards to be read in Data Card Set 2).

_ _ _ __ _ _ _ _ _ _ _  -- ~~~~~ -- -- ~~~~~
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Data Ca rd Set 2, NRSP cards , FORMAT (15,5X ,FlO. 4)

This card set contains one integer and one floating point variable.

IRE SP, Colu mns 1-5, is the response sequence number as defined In the

output of the Time History Access Program .

L I M , Columns 11-20 , is the boundary or limit , in appropriate units to be

imposed on the time history .

(Note that Data Card Set 2 is repeated for each new response or limit to be

analyzed.)

A sample of the entire computer card deck necessary to access the disk

pack and run the program is shown in Figure A.l.
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CMI APRB , CM? 77 77 • I ~0O , P2
CHARGE, - 

-

FTN ,A,I,UPT .1,Ra3 .
PAUSE. JOB REQUIPES DI SK PACK DV47S2
MOUNT, vSNsDV 47S2 ,SN~CSGN02ATTA CM, TAPE50, CSGNLCp TP1WOL LVA CC 17FT9SE CO 7S3 (,lIP5Q ,ID zCHTA,N)~~1,SN.CSGN02.
LG0.oooo oo~ ooooooooooooooo (NO or RECORD

CS OLBUG
CS ARRAYS

PROGRA M L I M I T  (INPUT,OUTPUI,TAP ~.5zINE’UT ,TAPE6aOUTPUT,TAPE 5O ,
2 )(bUG OUTPUT

COMMON /ZC/ SAMPL ((3600),NCYCLS
JIM EN 5ION

• PROlj~~~~)
JLP4ENSIUN TITLE(B),SIGWM(’,),TMOOAL( ’.I,CTITLIt9)
L)IMENSION RESPTP.150 ,30) ,TIIL(8) ,PNTLTL (3,50) ,RSTITL (3 ,5O ) ,

2 IPOINT (50 ),IMOTN( SO) ,ITYPE(50) ,IPN I (50) ,XAP (50) ,YCL(5 0) ,ZSL (50) ,
3 1)&LWL (S0),*STAR( 50 ) ,YSTAR(5O) ,ZSTA R(5O) ,XMU (50)

s1EAL L IM ,ME A N
JA TA TIM E S /O.O,Q.S,I.Qs1.5,2.O,2.5,3.o,3.5,4.Q,~~.S,5.Q,5.5,b.O ,2 6.5,7.0, 7.5,R.0 ,8.5,9.0,9.S, LO .U , C

JATA UNITS /IOHDEGREE S ,

2 IOMFEE T •
2 1OHOEG /SEC ,

2 IOHFT/SEC •
2 1OMDEG/SEC ..2 ,
2 lON G’S /

H(EAD (5,1000) NRSP
wRITE (6,2005)
00 500 1PE 1 ,NP SP

~EAO tSOi tiTL E , ,5PEEO,MSPEt.,51s,~ni,p4k)OAL ,Pi ,*2P1,RD,Nw ,Dw ,
2 NcPIN ,NREC ,KPTS ,OT ,SR ,TSOUN ,NPTS ,CTITL ,WVSL O P ,TPST ,ELL

I1EAD (SO) NPç$P ,T ITL ,SIGWM T ,PEV8M OO,NPOI NT ,IPN T, PNTI TL ,AAP, YCL,
2 LBL .DBLW L ,DAPO ,~~STAP , ’I’STAR ,ZSTAW,RS T 1TL, IMUTN,ITYPE,IPUIN T, AM U
00 5 Nl,21 

‘ 
-

5 N U C C ( I ) = O
(5,1050) IPESP ,L IM

( U N I T  2
IF (I TYPE(IPES P I .E0.i.AND .IMOTN(IRE SP).GT.3 ) 105 ,111=1
IF  (ITYPE(IPE SP (.EQ . ’.AND.I M OTN IIRE SP) .O T .9) IU N IT 3
IF ( I T Y P E ( I P E S P ) .EIJ.?. AND. I MO T N ( I P E S P) . L € . 9 )
iF (ITY PE(IPES P ) .EQ.1.AND.I M OTN(IpE sP).G T .15 ) IUN I T S

-
‘ iF  (ITYP ((IPESP).Eu.i~ ANO.j MO~ N (jpE sP).LL.15 ) I U NI T 6 A

10cC = 0
NTO CC = 0

IMPROB = 0.0
TIME = 0.0
MS AN O.
0)) 100 Np =i. r’4 PE c
IF (KPTS .NN .GT.NPTS ) KPTS=MU D (NI’ TS ,ISPTS) - ‘

(50)
00 50 N 1,KPTS

SAMPLE (K) = PESPTH(IRE SP,N )
‘((AN • MEAN .SAMPLE US)
IF (SA M PLE)K ) .GE .0.0) ISIG P~~= 1
IF (SAM PLE )K) . LT.0.0) IS IGN (Pc =2
I f (K .EQ ,I) GO 10 31

Figure Al - Listing of Limit Program with Control Cards and Data
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IF (A6S(SAMPL.((K=i)),L(.L1M .AP ,1D.A~ 5 (SA MI~L((K)) .QT •L1M ) (,O TO 15
IF (ABS(SAMPL ( (K— L 1). G T. L IM .ANO .ABS (SA M PLL(K )).GT.L IM) GO TO 20

10 If (AB StSAM PL ((K—1 )) .GT .L1M .AND.AB SISAM PLE( K)).LE.LIM ) GO TO 25
GU TO SO

15 TIM E • 0.5
10CC • 1

liO T O SO
20 If (1SIGN (~~) ,NE .IS IGN(X— 1 )) GO TO 25

TIME • TIME.0,.5
10CC • I OCC .l,
GU TO SO

25 IF (TIMLGT .i0.0) GO TO 35
00 30 121 ,20
IF tTIML .GT .TIME5(1).aND .TI ME .L~..T1 ME sU.i I NU CC (I).NOCC (I).I

30 CONTINUE
31 I OC C .0

TIME • 0.0
1,0 TO 50

35 NOCC (21 NOCC (21).I
M . M . 1
AI P (M) (TIM (/TRON ) .LOO .O
10CC • 0
lIME 2 0.0

50 CONTINUE
100 CONT INuE

M EAN 2 M EAN /K
CALL C YCLES (MEAN ,K)
00 l ID J=1, 2 1

~(1OCC = N’TUCC.NOCC(J)
110

IF (NTOCC.EQ .O 1 ~,U TO 145
00 120 j=I,2 1

P~WBJ (J) 2 (F L OA T (NU C C ,J)) /FL )JA T(NC YCL S I) a 100. 0
I M P R U H  = TM PR O8 • P~OsJ (J I

120 FPROB ( )) (FLOAT (NO CC( J ))/FLO A T (N10CC)) .IO0.U
00 130 L=~~v 2i

130 IPROH (L— j) (TIM E S(L ) .rL ou T (N UcCc L— 1 ))/ Tp IJN )~~1oo .o
30 140 1=l ,M

140 LTP LTP .XIP (1)
145 W RITE (6,1500) T ITLE ,N EAD•S P~ EO ,S1I,.wHT ,PEPMOO

WRIT E (6.1600) (RSIIT L (J ,II3t. SP ),J= i,3 ),L I5 ,4,UNI TS (IUN IT )
IF (t1POINI .EQ .0) 1,).) 10 148
IPT = IPO INT C IRE 5 P
IF (NSPEC .LT .0) wR IT E (6,15401
IF (NSPEC .GT.0) W RI TE (6.1530)
wRITE (6,1650) (PNT I TL( I ,IPT) ,I 1,3)
GO TO 1’49

148 IF (NSPEC.LT.O) wR ITE (6,1520)
IF )NSPEC .GT .0) WRITE (6,1510)

149 1F ( NIOCC .EO .O) GO TO 160
WRITE ( 6 , 1 70 0 )
00 150 1 1,20
W R I T E  (6,1800) TIME S (I • T l M E S ( I . 1 ) , N U C C ( I ) , F P R O H ( I ) , I , ’RO~~( I )
• P R O B J ( J )

150 CONTINUE
WRITE (6,1900) NOCC (21),FPPUN(21), ZTP , PP OM J (21)

160 IF (NTOCC .EQ.O ) w RI T E (6,2010)
WRITE (6.2000) TRUN,SR ,NCYCLS ,IMPRO ~
REW IN D SO

500 CONT INUE
1000 F ORMAT (IS)
1050 F ORMA T (I5,SX,F1O. 4 )
1500 F ORMAT (a l ,//,21X ,~IA1O, //, 35x ,”H1A 0INs , *,Fb.I ,. U~.I,,R~.(5*,5A,

2 SPEE() a •,F 4.i,* KN OT Se ,/,i~,R, .sIG. W H .,F5 .2,’ F(ET• ,$Z.
3 •MOO. PER . 2 •,F4.1, w S (CONUS•

1510 F ORMAT (~~0’ ,//40 X ,~~—— LON GCRES T LI) TI M E ~-iI ’,TOPY S T A T I S T I C S  —— • .
2 ‘6O*,~~AT .,/S6*,.T,-4F OR TOIN •)
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1520 VOR M A T  ‘O’,//405,’—— SHORT cRE SILO TIME H ISTORY $TAT ISTI CS —— ‘ .
2 /61x. ’AT .,/57* ,’THE ORIGIN ’)

1530 FORMAT i’O’.//.Ox , .—— LOMG C RE STLD TIME HISTOR Y STATISTICS —— ‘ ,
2 / ‘  ~~,‘AT’)

1540 FU RMAT )‘O’,//405. —— SHORTCRESIEI) II”* HISTORY STATISTICS —— . ,
2 ~b 1*, •AT’i

1600 FORMAT (‘O’.14X, .PFSPONS€ r ’3A10 ,/35*,’LI M I T  •‘Fb.2,1X ,AiO)
1650 FU PMAT (• .421 ,3A10 )
1700 F JRMAT )’0’,445, ’N1)MHEP’,5 X ,’CONO . P5,10)1. UF.,45,’TUTA L TIM E’ ,7X,

• •JOINT ’/23* ,’TI ME DUPA TION ’.ll*’ ’Uf ’• 7X, ’OuRA TIuN TI ME’,6X ,
..IXCE (OED .,5*,.PRON A HIL IT Y’/ 25*,’ (SECUNO5 )’ ,11 A ,’(VENTS. ,7A.

• ‘(PERCENT) ‘.8*,’ )PERCENT )’ .SX ,’ )PERCtN T)’/)
1800 F ORMAT (‘ ‘,23 X.Fw .1.. — •,F4.I ,11* ,I3,1Ox,F6 .2,jOx ,F b.2 ,8(,F6.2)
1900 FORMAT ‘ •,255 ,. ~ 1o.o’.13x,I3 ,10x ,F 6.2,10 5,f6.2 ,8*,F6.2)
2000 FORMAT (‘O’ ,lgX , .NIOTF : TOTAL RON TIME IS •,F6.i,

2 • SECO NtJ S AT A SAMPLE RATE OF •,f 3.1.’ PO INTS PLR SECOND .’,/,27*,
3 ‘TOTAL N UMBER OF CYCLES IS’,IS,’.’,/,27*,’Tpi( LIM I T  IS EXCEEDE D •
4 ‘BY •,F 6.2.’ PERCENT OF Ts’E CYCLES.’)

2005 F ORMAT (‘l’,5 X ,’OE FIN I T IONS 1 NUM)3~ M OF EVENTS • THE NU$9EP OF •
2 ‘TIME S THE L I M I T  AMPLITUDE IS EA CE LU LO FUR THE SPECIFIED TIM E .
3 • D u R A T I O N .’ ~/2Ox ,.C0 N0I T I O N A L  P R U HA H ILI T Y OF DURATION TIME —
4 tHE PRI)B AR IL ITS THAT THE SPCCIFIE() OURATIUN TIME W ILL OCCUR, ‘
S /635.’GIVEN ~- A T  THE LI MIT AMPLITU OL HA5 BEEN EACEEDEO..,/20X,
A ‘TOTAL TIME EX ’EEUE () = THE PERCENT OF THE TOTAL RUN TIME THAT THE
7 L I M I T  A M P L I T U U E  IS EX CEEDEO’ /41A ’ FOp THE SPECIF IED UORAT ION.
N • TI’4E .’//205,.JOINT PR ORAR ILIT S • THE PROR AR ILI TY THAT, FOR ANY ’
9 ‘ CYCLE. THE LIM IT AM PLITOOL WILL BE EXCEEDED AND’/40X.’TPIE’
9 ‘ DuRATI ON TIME WILL NE AS SPECIFILU.’)

2010 F / )O ’ (A T )‘0’////,5SX.III’4.’ SORRY “.//,40X,’NO CYCLES WERE FUU$D ‘
2 ‘TO EXCEED T HE LIMIT’f////////,)

STOP

~ND

~UBP Ou T INF CYCLES (MEAN .SIP )
R EAL MEAN —

COMMON / Z C /  SAM PLE (3600),NCYCLS
LI ATA E PS /1 .E—I0/
NCYCLS 2 0
iu 50 IP=1 ,NP
IF (I P,I,j’.l) 1,)) 10 10
“(AK SAMPL E)) )

= P EA .
= ‘, I . 4,)1.,SAMPLE )I).ME AN )

ID L )I’lU = ,A ”4P/ I I P ) — f  f’N
IF ) 4 4 ”, ) C I  ).LT .EPS) GO TO 50

/ ,N1~ P = SIG N(1. ,CUP P)
IF ISC ,NCI IP .NE .SGNPPE GO TO 30
IF ICIPQ .IT .O.) GIl 10 20
IF (SAMPL ((IP).LT,P (AK) GO TO 5U
“[AK • SAMP L E)I P )
‘,O T I  50

20 IF (SAMRLE (IP).GT.TRO )JGH ) GO To 50
TPUUC,H 5

TO 50
30 S(,NIPQI = S lrn N ( I )P

~)CYCLS NCYCLS .1
50 CONT I’loF

HE T URN

0000000000000000000000 END IF REC ORD

I 1 1 . 0
00000000)’ 000000000000 END OF FILE
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TABLE 1 - COMPUTER-PREDICTED PARTICULARS FOR CONVENT I ONAL HULL C 17.2

Displacement , S.W. , long tons (Tonnes) 16 ,866 (17, 136)

Length between Perpend i culars , ft (m) 666.0 (203.0)

Beam , ft (m) 76.46 (23.31)

LCG , aft of MIdship, ft (rn) 8.47 (2.58)

Transom Width , ft (m) 41.40 (12.62)

Waterplane Area , ft (m ) 37,279 (346 3)

Vertic ol Center of Grav ity, KG , ft (m) 28.00 (8.53)

Transverse Metacenter , GM , ft (m) 7.38 (2.25)

V e r t i c a l  Center of Buoyancy, KB , ft (m) 13.01 (3.97 )

V e r t i c a l M e t a c e n t r i c  Hei ght , 1(11, f t  (m) 35.38 (10.78)

Block Coeff icient , Cb 
0.52

M dship Sect io n  Coe f f ic ien t , C 0.89

Prism atic Coefficient , C 0.59

Va
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TAB LE 2 - CALCULATIO N CONDIT IO NS (SPEEDS , HEADI NGS AND SEA CON DITIO N S)

Shi p Speeds , knots 5 20 30

Headings , deg 0 15 30 45 60 75 90 105 120 135 150 165 180

Wave Spectra Modal
Perod , sec 9 1 1 13 15

NOTES: (A) A l l  wave spectra have a 1.0-ft (0.3048 m) significant wave
hei ght (double amplitud e).

(B) Motion , velocity and acceleration rms responses can be obtained
for any sea state by mul t i p l y i n g  the predicted rn’s v a l u e s  by
the si g n i f i c a n t  wdve hei ght of the sea .

(C) 180-deg headin g i s he ad seas .
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DTNSRDC ISSUES THREE TYPES OF R EPORTS

(1 ) DTNSRDC REPORTS , A FORMAL SERIES PUBLISHING INFORMATION OF
PERMANENT TECHNICA L VALUE, DESIGNATED BY A SERIA L REPORT NUMBER

(2 ) DEPARTMENTAL REPORTS , A SEMIFORMAL SERI ES , RECORDING INFORMA
lION OF A PRELIMINARY OR TEMPORARY NATURE , OR OF LIMITED INTEREST OR
SIGNIFICANCE , CARRYING A DEPART MENTAL ALPHAN UMERIC IDENTIFICATION

(3) TECHNICAL MEMORANDA , AN INFORMAL SERI ES , USUALLY INTERNAL
WORKING PAPERS OR DIRECT REPORT S TO SPONSORS , NUMBERED AS TM SERIES
REP ORTS , NOT FOR GENERAL DISTRIBUTI ON.
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